This study deals with correlations of tooth size in human primary teeth. Traditionally, mesiodistal or buccolingual measurements have been used to express crown size. However, in this study, crown area was used as a reference parameter.
Introduction.
Tooth size is a determinant of normal development of occlusion in a child's dentition. The size of the maxillary and mandibular teeth must be in close harmony to permit proper interdigitation. Also, tooth size must be in harmony with arch size to permit proper alignment. The balance of tooth size and available arch size is often a prime consideration in many treatment and predictive approaches in interceptive orthodontics. A significant discrepancy between tooth size and available arch space has been identified as a leading etiological factor in crowding and spacing of erupted teeth (Lundstrom, 1954) . Moorrees (1959) stated that marked differences in the relationship of deciduous and permanent teeth are particularly important in assessing the outcome of occlusal changes in the mixed dentition.
Tooth size has also been related to dental maturation. For example, the mandibular canines have the largest sex differences in the mesiodistal crown diameters, in the time required for their crown formation and in the ages at which emergence occurs (Moorrees, 1 957).
Traditionally, mesiodistal or buccolingual measurements have been used to express crown size of teeth (Moorrees and Reed, 1954; Superstine, 1979; Doris et al., 1981) . In using these parameters, moderateor low-sized concordance patterns among teeth were observed (Moorrees and Reed, 1954; Doris et al., 1981) . The present study hypothesizes that crown area is a better indicator of crown size than the traditional parameters, especially in pre-natal tooth development. This study concerns the relationships of the size of teeth, both individually and in groups, using crown area as a reference parameter. The degree of association was estimated by correlation coefficients.
Materials and methods.
This study is based upon two-dimensional grvaphic reconstructions derived from serially sectioned maxillofacial regions taken from 38 human fetuses. The specimen pool ranged in gestation age from 10.5 weeks to 29 weeks, which corresponds to Crown-Rump Length (CRL) from 54 to 280 mm. The sample consisted of 23 males and 15 females (22 white and 16 black fetuses).
The specimens were randomly chosen from a larger pool of fetuses from elective (induced) abortions. Thirty-eight of these fetuses were typical-for-age or "normal", in that they did not show any gross abnormalities. All specimens were fixed in 10% neutral buffered formalin. Graphic reconstructions were based on published procedures (Burdi, 1968; Garn et al., 1979) for two-dimensional graphic reconstructions of frontally-sectioned histologic tissues. Serial sections (from 10 to 15 gm each) were stained with a Masson Trichrome connective tissue stain. Each serial section was then projected through a Leitz inverted microscope onto millimeter graph paper. Actual size of the finished graphic reconstruction was determined by the thickness of histological sections (,um) and the number of frontal sections used multiplied by the microscopic enlargement factor as calibrated by a stage micrometer disc.
Measurements from the projected images were transferred via calipers to millimeter graph paper as perpendicular distances from the specimen's midline for proper orientation. For each projected section, the points on the sectioned tooth organ nearest and furthest from the midline were measured and transferred onto graph paper. This plotting procedure was used for multiple sections through each deciduous tooth crown or enamel organ. A line was then drawn connecting the nearest and furthest points seen in every section for a given tooth. When this was done for each of the five deciduous tooth crowns, the reconstruction showed the contour of each crown as well as the shape of the dental arch. All reconstructions and subsequent measurements were done by a single person (N.P.).
Measurements were taken directly from the arch-tooth graphic reconstructions. A polar planimeter was used to measure the area of each tooth crown. Repeated measurements were done of a known area to check the accuracy and replicability of the measurements. Correlation coefficients, analyses of variance, tests for covariance, paired t tests, and pair-wise rank statistics were computed using the University of Michigan computer and MIDAS. Correlation matrices were also computed to test correlations between individual maxillary and mandibular teeth.
Results.
Initial tests for race and sex differences did not show significant differences in either crown size or arch area changes at a level of p < 0.05. Thus, data from the 38 "normal" fetuses were pooled. Hence, each of the following observations reflects a cross-sectional population profile of crown size-arch shape dimensions in human prenates from 10.5 to 29 weeks of age. Based on earlier observations of symmetrical development of teeth in right and left quadrants (MacConaill and Scher, 1949; Garn et al., 1970) , only the right maxillary and mandibular jaw quadrants were analyzed in this study. 
Correlation between sum of maxillary teeth and sum of mandibular teeth = 0.98.
*r(0.05) = 0.3246; r(0.01) = 0.4182
Correlations between crown size (area) increases of primary maxillary and mandibular crowns in human prenates in the 10.5-29week gestational period. Table 1 lists the best-fit equations to the changes in crown size or area for each of the five primary tooth crowns in the maxillary and mandibular jaw quadrants. In general, there is a relatively slow or curvilinear increase in crown area prior to 150 mm CRL, followed by a rapid or linear growth phase from 150 to 280 mm CRL. On a toothby-tooth basis, however, the rates and magnitudes of area changes in the reconstructed crowns vary. A comparison of central and lateral incisor areas shows that the maxillary incisors are uniformly larger than the mandibular incisors of the same individuals. The canine tooth areas for both the upper and lower jaw quadrants are relatively alike prior to 150 mm CRL, at approximately 17 weeks. A reconstruction of the growth curves for these canine teeth shows that the maxillary canine area becomes progressively larger after the 17-week period. Table 1 also shows that the sizes of the maxillary and mandibular molar crowns demonstrate the greatest increases in area in the shortest period of time. This is especially the case for the unerupted first molar crown, with the dml increases being greater than those for dml.
As a general pattern, it appears that crown area changes follow a curvilinear function up through 150 mm CRL, followed by a linear growth phase from 150 mm CRL on. Table 2 shows that crown area measurements are positively correlated with increases in fetal stature from 54 to 280 mm CRL. These correlations, as evident from the r values, are high and significant (p < 0.01). The lowest r value was 0.87 and the highest 0.98. The r values between the individual maxillary deciduous teeth all exceeded the 0.95 level. In the right mandibular arch quadrant, the r values were somewhat lower. Correlations between the maxillary and mandibular tooth crowns were all above 0.91, except for the crown area correlation between the mandibular central incisor (di,) and the maxillary first molar (dmI). The inference that can be drawn is that there is a highly correlated pattern of crown area or size among deciduous tooth crowns during gestation, and that crown area is a good indicator of crown size. Table 3 shows that various dental arch measurements were also positively correlated in the 54-280-mm CRL period. The r values were, again, high (0.85-0.96) and significant (p < 0.01). The r values between the individual maxillary arch measurements were at or exceeded the 0.95 level, while they were somewhat lower in the mandibular quadrant (> 0.85). Figs. 1 and 2 show the field contributions of the anterior or incisor crowns and the posterior arch crowns (i.e., canine, first and second molars) to the total amount of tooth material in both the maxillary and mandibular arch quadrants studied. Fig. 1 shows that, during the 54-150-mm CRL period, the posterior maxillary crowns (c, dml, and dm2) contributed only slightly more than did the anterior or incisor field to the sum total of crown areas. In other words, there was a greater anterior crown size during this pre-natal period. However, after the 150-mm CRL period, or 17 weeks, the predominant contribution to the summed crown area was by the posterior three tooth crowns. Fig. 2 shows similar patterns of anterior and posterior crown size contributions to the total of crown areas in the mandibular arch quadrant. Also, in analyzing the size differences between the maxillary and mandibular incisor, canine and molar groups, individual or collective maxillary crown sizes were consistently greater than in the mandibular dental arch.
Discussion.
Traditionally, studies involving size of teeth have used either the mesiodistal or the buccolingual measurements as an indicator of crown size. In using these parameters, both in the pre-and the post-natal periods, the concordance pattern observed was only low-to-moderate. In other words, the degree of accuracy with which the sizes of other teeth could be predicted was only low-to-moderate. CROWN RUMP LENGTH (mm) Fig. 1 -Fig. 1 shows the percentage contribution of summed crown areas of anterior (triangles) and posterior (squares) deciduous teeth to summed crown areas for each of the five maxillary deciduous crowns during the period of 10.5-29 gestational weeks. CROWN RUMP LENGTH (mm) Fig. 2 -Fig. 2 shows the percentage contribution of summed crown areas of anterior (triangles) and posterior (squares) deciduous teeth to summed crown areas for each of the five mandibular deciduous crowns during the period of 10.5-29 gestational weeks. In the present study, crown area has been used as an indicator of crown size. Multiple correlations were computed using the crown area as a reference parameter. As seen in Table 1 , r values were very high and significant.
The lowest r value of 0.87 was observed between the mandibular primary central incisor and the mandibular primary second molar. An r value of 0.97 was observed between a few teeth, both intra-and inter-arch. The inference drawn here is that, with a fairly high degree of accuracy, predictions can be made for the areas of other developing primary teeth when crown area is used as a reference parameter. The r value between the sum of mandibular and maxillary teeth is 0.98.
In comparing the arches themselves, a similarly high concordance pattern was observed ( Table 2 ). Based on these observations, it is suggested that a genetic control mechanism operated early in the developmental process and was responsible for the synchronous pattern of development between the two jaws and between the individual primary teeth. Also, based on the high concordance pattern observed in this study, it is proposed that crown area measurements should be used as indicators of growth in crown size.
In studying the field contributions of the anterior (dil+ di2) and the posterior components (dc+dml+dm2), an interesting feature was noted. The anterior field showed a significantly higher contribution to the total field between the 54-150-mm CRL period. This probably indicates that these teeth might be experiencing a "spurt" during this time frame, immediately followed by a greater increase of the posterior component. This pattern was similar in both the arches. The concept of anterior and posterior components is not a new one. Moyers' mixed dentition analysis utilizes this concept in predicting the availability of posterior space based on the measurements of the incisor teeth. This predictive approach is based on the observed correlations between the anterior and the posterior components. However, no observations have been made, so far, on the contributions of the anterior and the posterior components during the developmental period.
